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(54) Title: BROADBAND OPTICAL RETARDATION DEVICE 





(57) Abstract 

A broadband optical retardation device, such as may be used for polani>- - i information or in diffractive optica! 

systems, includes a patterned uniform half wave piate retarder in combination with a non-patterned uniform quarter wave plate retarder 
having an optic axis orientated at 90° to the xz plane. The patterned rt'^.^ lav.ng first 

22.5° and - 22.5° to the xz plane. Considering light 
of wavelength A 0 incident on the ret. rde • • r -6 ir, the xy plane, such light is diff 1 I ^'ons, and the 

light output by the device incluc ioi h t it is nght circularly pola ci cularly 

polarised. In the case of incident light of wavelenths greater or less than X", the output light becomes progies_ 1 i nea» 
as the wavelengths departs to a greater extent from the ideal value, but not tc 
simply of a patterned single layer acting as a quarter plate retarder. 
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DESCRIPTION 

BROADBAND OPTICAL RETARDATION DEVICE 

5 TECHNICAL FIELD 

This invention relates to broadband optical retardation 
devices, and is concerned more particularly with the use 
in such devices of patterned optical retarders in which 
the optic axis varies over the retarder in accordance 
10 with a predefined pattern. 

BACKGROUND ART 

By a "broadband optical retardation device" is meant a 
retardation device for light consisting of a broad range 
15 (of the order of tens or hundreds of nanometers) of wave- 

lengths which constitutes at least a part of the complete 
wavelength range of visible light and ultraviolet and 
infrared radiation. 

20 Such optical retardation devices may be used for 
polarisation encoding of display information or in 
diffractive optical systems, for example. 

S, Pancharatnam "Achromatic Combination of Birefringent 
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Plates " , Proceedings of Indian Academy of Sciences Vol 
XLI, No 4, Sec A, 1955, pp 130-136 and pp 137-144, 
discuss the use of stacked uniform retarder films to 
improve achromatic! ty, that is the independence of its 
5 light transmission properties from the wavelength of the 

input light. Use is made of combinations of uniform 
retarder films having different azimuthai orientations of 
their optic axes. A method for calculating the required 
retardations and orientations of the optic axes is also 
10 given. However these references are concerned only with 
combinations of uniform retarders , that is retarders 
whose optic axis is substantially invariant over the 
retarder . 

15 It is known to fabricate patterned retarders, that is 
retarders whose optic axis vary over the retarder, for 
example between first and second regions which alternate 
in x and /or y directions over the plane of a layer . 
European Published Patent Application No. 0689084 

20 ( Schadt ) proposes the use of reactive mesogen layers as 
optical elements and alignment surfaces . 

It is an object of the invention to provide an optical 
retardation device having improved achromaticity which is 
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capable of generating broad band orthogonal optical 
modes , 

DISCLOSURE OF INVENTION 
5 According to the present invention there is provided a 
broadband optical retardation device for receiving light 
consisting of a broad range of wavelengths, the device 
including patterned optical retardation means including 
a first region having a first optic axis at an orienta- 

10 tion a between 0° and +90° to a reference plane and a 
second region having a second optic axis at an orienta- 
tion b between 0° and -90° to the reference plane, and 
non-patterned optical retardation means having an optic 
axis at a defined orientation c, greater than the orien- 

15 tation a and less than the orientation 180° + b, to the 
reference plane in order to increase the achromaticity of 
the light polarised by the combination of the patterned 
optical retardation means and the non-patterned optical 
retardation means as compared with the light polarised by 

20 the patterned optical retardation means alone . 

It should be understood that, in the above definition and 
elsewhere in the specification, the term "optic axis" is 
used to denote the so-called slow optic axis of the 
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material referred to. 

Such a combination of patterned optical retardation means 
and non-patterned optical retardation means in this 
5 manner enables generation of broad band orthogonal 
optical modes in a straight forward manner, and permits 
a broad bandwidth response to be obtained with improve- 
ment in the quality and/or ease of fabrication as com- 
pared with known broad band optical retardation devices. 

ICS 

The first and second regions of the patterned optical 
retardation means are preferably such as to polarise 
input light linearly polarised along the reference plane 
such that, after passing through the non-patterned 

15 optical retardation means, the light which has passed 
through the first region is orthogonal to the light which 
has passed through the second region. It will be under- 
stood that the required orthogonal relationship between 
the polarised light from the first regions and the 

20 polarised light from the second regions can be satisfied 
whether the light is linearly polarised or circularly 
polarised. 

In a preferred embodiment of the invention the orienta- 



WO 99/27398 



PCT/JP98/05302 



tions a and b of the first and second axes of the pat- 
terned optical retardation means are substantially equal 
and opposite relative to the reference plane, and the 
orientation c of the optic axis of the non-patterned 
5 optical retardation means is substantially perpendicular 
to the reference plane. Such an arrangement optimises 
the broad band response of the device. 

The orientations a and b of the first and second axes of 
10 the patterned optical retardation means are preferably in 
the ranges of +10° to +75° and -10° to -75° respectively, 
and most preferably in the ranges of +10° to +35° and -10° 
to -35°, relative to the reference plane. The optimum 
response is obtained if the first and second orientations 
15 a and b of the first and second axis of the patterned 
optical retardation means are about +22 . 5° and -22.5° 
respectively relative to the reference plane. 

In one embodiment of the invention the orientations a and 
20 b of the first and second optic axes of the patterned 
optical retardation means and the orientation c of the 
optic axis of the non-patterned optical retardation means 
substantially satisfy the relationships 
c = a + 45° and b = c - 45°. 
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The patterned optical retardation means may include a 
patterned uniform layer having an optic axis which varies 
between the first and second regions along one or more 
directions x and y parallel to the layer, but which does 
5 not vary substantially through the thickness of the 
layer . 

Alternatively the patterned optical retardation means may 
include a patterned twisted retardation layer having an 
10 optic axis which varies between the first and second 
regions along one or more directions x and y parallel to 
the layer and also through the thickness of the layer. 

Furthermore the. non-patterned optical retardation means 
15 may include a uniform retardation layer whose optic axis 
has an orientation which does not vary substantially 
through the thickness of the layer. 

Alternatively the non-patterned optical retardation means 
20 may include a twisted retardation layer whose optic axis 
has an orientation which varies through the thickness of 
the layer . 

The invention also provides an optical retardation device 
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including patterned optical retardation means including 
a first region having a first optic axis configuration 
and a second region having a second optic axis configura- 
tion, and non-patterned optical retardation means having 
5 a further optic axis configuration, at least one of the 
optic axis configurations being a twisted optic axis 
configuration whose optic axis has an orientation which 
varies through the thickness of a layer, whereby the 
achromatic! ty of the light polarised by the combination 
10 of the patterned optical retardation means and the non- 
patterned optical retardation means is increased as 
compared with light polarised by the patterned optical 
retardation means alone . 



15 In one embodiment of the invention the first optic axis 

configuration has an average optic axis orientation a 
between 0" and +90° to a reference plane, the second optic 
axis configuration has an average optic axis orientation 
b between 0° and -9G C to the reference plane, and the 

20 further optic axis configuration has an average optic 
axis orientation c, greater than the orientation a and 
less than the orientation 180° + b, to the reference 
plane. 
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In an alternative embodiment of the invention the first 
optic axis configuration has an output director orienta- 
tion a between 0° and +90° to a reference plane, the second 
optic axis configuration has an output director orienta- 
5 tion b between 0° and -90° to the reference plane, and the 
further optic axis configuration has an output director 
orientation c, greater than the orientation a and less 
than the orientation 180° -s- b, to the reference plane, 

10 In order that the invention may be fully understood, 
reference will now be made, by way of example, to the 
accompanying drawings in which: 

BRIEF DESCRIPTION OF DRAWINGS 
15 Figure 1 is a schematic diagram of a patterned uniform 
retarder; 

Figure 2A is a schematic diagram of a broadband optical 
retardation device in accordance with the invention con- 
20 sisting of a combination of a patterned uniform half wave 
plate and a non-patterned uniform quarter wave plate; 

Figure 2B is a table showing the ellipticity of light 
outputted by such a device as a function of wavelength; 
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Figure 3 is a schematic diagram of a further broadband 
optical retardation device in accordance with the inven- 
tion consisting of a combination of a patterned uniform 
5 half wave plate and a non-patterned uniform half wave 
plate ; 

Figure 4a is a schematic diagram of a further broadband 
optical retardation device in accordance with the inven- 
10 tion consisting of a combination of a patterned twisted 
half wave plate and a non-patterned uniform half wave 
plate; 

Figure 4B is a table showing the ellipticity of light 
15 outputted by such a device as a function of wavelength; 

Figure 5 is a graph showing variation of the orientation 
of the optic axis over the two wave plates of the device 
of Figure 4; 

20 

Figure 6A is a schematic diagram of a further broadband 
optical retardation device in accordance with the inven- 
tion; 
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Figure 6B is a graph of "the transmission level against 
wavelength of light received in use of an embodiment of 
the invention ; 

5 Figure 7A schematically shows successive operational 
steps a to e in a possible fabrication method ; 

Figure 7B schematically shows a liquid crystal display 
{ LCD ) incorporating a broadband optical retardation 
10 device in accordance with the invention; and 

Figure 8 schematically shows a diffractive optical system 
incorporating a broadband optical retardation device in 
accordance with the invention. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

Figure 1 schematically shows a patterned optical retarder 
1 having a patterned layer 2 applied to a substrate, (not 
shown) and consisting of alternating first and second 
20 regions 3 and 4 having first and second optic axes 5 and 
6 at different orientations to a reference axis 7. More 
particularly the optic axis 5 is orientated at an orien- 
tation a between 0° and +90° to the reference axis 7, and 
the optic axis 6 is orientated at an orientation b 
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between 0° and -90° to the reference axis 7 , the angles a 
and b preferably being equal and opposite. 

Whilst Figure 1 shows the particular case of the pat- 
5 terned retarder 1 consisting of alternating squares, and 
second regions 3 and 4, for example alternating bands, 
having differently orientated optic axes, It should be 
appreciated that patterned retarders may also be used 
which consist of regions of more than two types , that is 

10 three or more regions having optic axes of different 
orientations arranged in regular sequences or irregular- 
ly. For example, three uniform half wave plates arranged 
at -22 . 5 C , +22.5° and 0° to a reference axis may be 
followed by a uniform quarter wave plate arranged at 90° 

15 to the reference axis . Incident linear light polarised 
along the 0° direction can then be patterned into right 
circular, left circular and linear light- If two detec- 
tors ( information channels ) sensitive to right and left 
polarised light follow this patterned optical element, 

20 then the right and left circularly polarised information 
only passes down one channel , whereas the linearly 
polarised information is shared substantially equally 
between the two channels . The two detectors may, for 
example, be the left and right eye of a viewer of a 
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stereoscopic panel, where the left eye is covered by one 
circular polariser and the right eye is covered by the 
orthogonal circular polariser. Information that is 
linearly encoded represents those parts of an image that 
5 could be viewed by both eyes. Information that is 
circularly encoded represents those parts of an image 
that could be viewed by one eye only . 

Generally, if the layer 2 is considered as being posi- 
10 tioned parallel to a plane ( x , y) where x and y are 
orthogonal directions and the z-direction is normal to 
the plane of the layer 2, the unit vector which points 
along the local optic axis within the layer 2 may be 
termed the director n(x, y, z). In the case of an in- 
15 plane retarder n 7 ~ 0. Furthermore in the case of a 
uniform retarder (whether patterned or not) n x and n^ do 
not vary as a function of z, whereas in the case of a 
twisted retarder (whether patterned or not) n x and n y vary 
as function of z, that is n x - n x ( z ) and n y = n y ( z ) . Where 
20 the retarder is patterned, so that the orientation of the 
optic axis varies across the layer, n x and vary as a 
function of x and/or y, that is n, - n x (x, y) and = n y 
(x, y), whilst not substantially varying as a function of 
z. However, in the case of a patterned twisted retarder, 
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and n y vary as a function of z and well as a function 
of x and/or y, that is n % = n x (x, y, z) and n y = n y (x, y, 

z). J 

5 Thus, in the case of the patterned uniform retarder 1 
shown in Figure 1, the direction of the projection of the 
optic axis n = (n x , n^,, n r ) onto the plane (x, y) varies 
as a function of position n = n ( x ( y) but the magnitude 
of the optical retardation does not vary as a function of 

10 position (x, y). In the particular case shown the layer 
2 consists of two regions 3 and 4 of retardance And ~ X a /2 
where An represents the change in refractive index across 
the layer, d represents the thickness of the layer and X 0 
represents the mean wavelength of incident light. The 

15 layer 2 therefore represents a half wave plate . Further- 
more the optic axes 5 and 6 are preferably at +22.5° and - 
22,5° to the xz plane (a = +22.5°, b = -22.5°). Particu- 
lar embodiments of the invention utilising such a pat- 
terned half wave plate retarder 1 will now be described , 

20 by way of example, with the reference to Figures 2A and 
3, like reference numerals being used in those figures to 
denote similar parts . 

Figure 2ft shows such a patterned uniform half wave plate 
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retarder 1 in combination with a non-patterned uniform 
quarter wave plate retarder 10 formed by a layer 11 
parallel to the layer 2 having a retardance And = i D /4 and 
an optic axis 12 having an orientation at 90° to the xz 
5 plane, that is perpendicular to the average of the optic 
axes 5 and 6 of the two regions 3 and 4 of the patterned 
layer 2. In the case of the retarder 10 the orientation 
of the optic axis 12 is substantially unvarying over the 
layer 11. 

10 

Considering light of wavelength k 0 which is incident on 
the layer 4 in the direction z and is linearly polarised 
in the xy plane as shown at 14, such light is differently 
polarised by the regions 3 and 4 of the layer having 

15 optic axis 5 and 6 at +22.5° and -22.5° to the xz plane, 
and the light output by the device includes regions in 
which the light is right circularly polarised and regions 
in which the light is left circularly polarised. In the 
case of incident light of wavelengths greater or less 

20 than X B as the wavelength departs to a greater extent from 
the ideal value, the output light becomes progressively 
more linearly polarised, but not to the same extent as 
would be case if the device consisted simply of a pat- 
terned single layer acting as a quarter wave plate 
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retarder. Thus the combination of the patterned uniform 
half wave plate retarder 1 and the non-patterned uniform 
quarter wave plate retarder 10 serves as a broad band 
patterned quarter wave plate retarder in which the 
5 polarisation of the two components of the output light is 
less sensitive to variations in the wavelength of the 
incident light than is the case with conventional pat- 
terned quarter wave plate retarders . 

10 This is demonstrated by the table of Figure 2B which 
shows the calculated elliptic! ty of the output light for 
the two cases of (a) convention patterned single layer 
retarder designed to act as a quarter wave plate for 
incident light at a wavelength of 580 nm, and (b) the 

15 combination of a patterned half wave plate retarder 1 and 
a non-patterned quarter wave plate retarder 10 as shown 
in Figure 2&, the two layers 2 and 11 of such a combina- 
tion again being designed for incident light having a 
wavelength of 580 nm. This table clearly demonstrates 

20 the more achromatic circular polarisation by use of the 
combination of Figure 2A as the wavelength is varied 
above and below the design wavelength of 580 nm. The 
table does not allow for wavelength dispersion of the 
refractive indices. 
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Figure 3 shows an alternative embodiment in which a 
patterned uniform half wave plate retarder 1 is used in 
combination with a non-patterned uniform half wave plate 
retarder 15 consisting of a non-patterned layer 16 having 
5 a retardance And ~ k a /2 and an optic axis 17 at 90° to the 

xz plane. As in the previously described embodiment the 
optic axes 5 and 6 of the layer 2 are respectively at 
+22.5° and -22.5° to the xz plane. Light 14 of wavelength 
a o linearly polarised along the xy plane and incident on 

10 the layer 2 in the z direction produces light at the 
output side of the device consisting of two components 
linearly polarised at +45° and -45° to the xz plane. In 
this case the output light becomes progressively less 
linearly polarised as the wavelength of the incident 

15 light is varied either side of X 0 , but not to the same 
extent as would be the case in use of a conventional 
patterned single layer half wave plate retarder . Thus, 
whilst the embodiment of Figure 3 is designed to produce 
linearly polarised light components, whereas the erabodi- 

20 ment of Figure 2A is designed to produce, circularly 
polarised light components, the embodiment of Figure 3 
provides similar broad band behaviour to the embodiment 
of Figure 2A. 
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In both the embodiments described above with reference to 
Figures 2A and 3, the patterned and non-patterned layers 
are both uniform, that is the orientation of the optic 
axes of the patterned and non-patterned layers do not 
5 vary through the thickness of the layers . However, as 
already mentioned, it is also possible to make use of 
patterned and/or non-patterned twisted layers, that is 
layers in which the orientation of the optic axis varies 
through the thickness of the layer. Figure 4ft shows an 

10 embodiment of the invention in which a patterned twisted 
half wave plate retarder 20 is used in combination with 
a non-patterned uniform quarter wave plate retarder 10 
( similar to that described with reference to Figure 2A ) . 
The patterned twisted retarder 20 consists of a layer 21 

15 including first and second regions 22 and 23 having optic 
axes having orientations which vary through the thickness 
of the layer 21 . In the particular example given the 
orientations of the optic axes vary from being parallel 
to the xz plane at the input side of the layer, as shown 

20 at 26 and 27, to being at orientations of +37° and -37° 
respectively relative to the xz plane at the output side 
of the layer 21, as shown at 28 and 29. There is also 
shown in Figure 4A graphs of the orientations 0 of the 
optic axes of the retarders 10 and 20 against position in 
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the z direction through the thickness of the retarder , a 
and b being the orientations of the optic axes of the 
regions 22 and 23 of the retarder 20 and c being the 
orientation of the optic axis 12 of the retarder 10. 

5 

Figure 4B is a table showing the ellipticity of the 
output light of such a combination as a function of the 
wavelength of the incident light, under similar condi- 
tions to those used for the table of Figure 2B. This 
10 shows a further improvement in the achromatic circularly 

polarisation as compared with the conventional single 
quarter wave plate retarder for which corresponding 
ellipticity values are shown in Figure 2B. 

15 Figure 5 is a further graph showing the variation in the 
orientations a and b of the regions 22 and 23 of the 
layer 21, as shown in Figure 4A, as a function of posi- 
tion along the z direction, as well as the constant 
orientation c of the optic axis 12 of the layer 11. It 

20 will be appreciated from this graph that the orientation 
a of the optic axis of the first region 22 varies linear- 
ly with position from 0° to +37° from the input side to 
the output side of the layer 21, whereas the orientation 
b of the optic axis of the second region 23 varies 
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linearly with position from 0 a to ~37 c from the input side 
to the output side of the layer 21, giving in both cases 
an optical retardation of 1186.1 nnt. Furthermore the 
optical retardation of the layer 11 having its optic axis 
5 12 at a uniform orientation c of 90° across the layer 
provides an optical retardation of 106.7 nm. Clearly 
incident light having a polarisation axis at 0° will be 
converted to right or left handed circular polarised 
light depending on whether it is transmitted through the 
10 region 22 or the region 23 of the layer 21. 



Figure 6A diagrammatically shows a further embodiment of 
the invention in which a patterned uniform half wave 
plate retarder 1 is used in combination with a non- 
15 patterned uniform half wave plate retarder 15, as in the 
embodiment of Figure 3, except that in this case light 14 
linearly polarised along the xy plane and incident on the 
layer 2 in the z direction produces light at the output 
side of the device consisting of -two components linearly 
20 polarised at 0° and 90" to the xz plane. This is achieved 
by the optic axes 5 and 6 of the layer 2 having orienta- 
tions a and b and the optic axis 17 of the layer 16 
having an orientation c where these orientations satisfy 
the relationships c = a +45° and 



WO 99/27398 



PCT/JP98/O5302 



- 20 - 

b = c -90° , where a = +22.5° , b = -22,5° and c = + 67. 5° . 
Light transmitted through the region 4 of the layer 2 and 
then through the layer 16 remains linearly polarised at 
0° for all wavelengths, whilst light passing through the 
5 region 3 of the layer 2 and then through the layer 16 

becomes linearly polarised at 90" at the wavelength for 
which the device is designed and close to this orienta- 
tion for other wavelengths. Such an embodiment, for use 
as a parallax barrier for instance, is disclosed in 
10 British Patent Application No. 9804500.8. 



Although not specifically described with reference to the 
drawings , it will be appreciated that it is also possible 
to provide an embodiment of the invention in which a 

15 patterned uniform retarder is combined with a non-pat- 
terned twisted retarder. Furthermore other embodiments 
may be provided in accordance with the invention in which 
the optic axes of the two regions of the patterned 
retarder are not symmetrically orientated with respect to 

20 the reference axis and/or in which more than two regions 
of different optic axis orientation are provided. Where 
only two such regions of different orientation are 
provided, it is generally a requirement that the average 
optic axis (or alternatively the output director) of the 
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non-patterned retarder is orientated along a direction 
within the outer angle between the average optic axes (or 
alternatively the output directors 3 of the two regions of 
the patterned retarder. In a possible further embodiment 
5 the patterned and/or non-patterned retarder may be 
constituted by a swi tenable liquid crystal device. 

Example 1 

A possible method of fabrication which might be used to 
10 produce the embodiment of Figure 2A will now be de- 
scribed, by way of example . In this method the layers 2 
and 11 are fabricated using reactive mesogen (RM) materi- 
als, as these materials have a high birefringence ( An ~ 
0.15) in relatively thin retardance layers, as well as 
15 being capable of being polymerised, for example by 
exposure to ultraviolet light . The particular fabrica- 
tion method may use a solution of diacrylate RM 257 
(supplied by Merck Limited, Poole, UK) for producing 
retarder s designed to act as half wave and quarter wave 
20 plates at 500 nm. 



An alignment layer 31 is first formed on a substrate by 
spin coating of a linearly photopolymerisable material 
such as is described, for example, in "Surface induced 
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parallel alignment of liquid crystals by linearly 
polymerised photopolymers " , Schadt et al , , Japanese 
Journal of Applied Physics, vol. 31 (1992), page 2155, as 
shown at a in Figure 7 A. The alignment layer 31 is then 
5 exposed to radiation of a first linear polarisation 
through a mask 32 so as to photopolymerise the layer 31 
in one alignment direction to form the regions A, as 
shown at b in Figure 7A. The unexposed regions of the 
layer 31 are then exposed to radiation having a differ- 

10 ent linear polarisation through a mask 33 so as to 
photopolymerise the layer 31 in a different alignment 
direction to form the regions B, as shown at c in Figure 
?A. Thus alternate regions A and B of the alignment 
layer 31 provide different alignment directions, for 

15 example differing by 45°, which may be used to align 
different regions of a subsequently applied RM layer. 
The alignment layer 31 is then covered by a retarder 
layer 34 by spin coating of RM 257 solution, as shown at 
d in Figure 7a, and the retarder layer 34 is fixed or 

20 polymerised by exposure to ultraviolet radiation so as to 
form a patterned uniform retarder 35, as shown at e in 
Figure 7ft, having regions which take up the alignment of 
the regions A and B and which correspond to the regions 
3 and 4 of the patterned layer 2 of Figure 2A. The non- 
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patterned uniform retarder 15 may then be formed by spin 
coating of a further layer (not shown in Figure 7A) of RH 
257 solution which is fixed or polymerised by exposure to 
ultraviolet radiation. 

5 

Example 2 

An alternative method of fabrication which might be used 
to produce the embodiment of Figure 2A will now be 
described. This method will be described only to the 
10 extent to which it differs from the method already 
described with reference to Figure 7A. 



In the alternative method the alignment layer 31 is first 
unldirectionally rubbed throughout its free surface. For 

15 instance, the layer 31 may be rubbed three times with a 
rubbing cloth on a roller rotating at 3000 rpm. After 
such rubbing, masking of the alignment layer 31 is 
performed using standard photolithographic techniques, 
that is by spin-coating a layer of positive photoresist 

20 on top of the layer 31, soft-baking the photoresist , 
exposing the photoresist to ultraviolet light through a 
mask and developing the photoresist to remove the 
photoresist from the regions of the layer 31 which are to 
form the regions B. 
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The photoresist layer is then hard-baked prior to a 
subsequent rubbing step being performed with the second 
rubbing direction being at a predetermined angle, for 
example at 45°, to the first rubbing direction, In 
5 practice the second rubbing direction may be slightly 
offset so as to compensate for the residual effect of the 
first rubbing. Finally the photoresist is removed to 
leave the finished substrate and alignment layer to which 
the retarder layer 34, as shown at d in Figure 7A, is 
10 applied by spin-coating prior to being fixed or 
polymerised by exposure to ultraviolet radiation so as to 
form the patterned uniform retarder 35 as shown at e in 
Figure 7A. 

15 Such a method of fabrication is disclosed in more detail 
in British Patent Application No. 9804501 . 6 . 

The substrate 30 is selected so as to minimise any 
birefringence which would otherwise affect the perf or- 
20 mance of the device, for example by reducing contrast 
ratio or degrading the chromatic performance of the 
device. The substrate may, for example, be a suitable 
float glass of appropriate flatness. Furthermore the 
wavelength characteristic of the retarder can be designed 



WO 99/27398 



PCT/JP98/05302 



by using the Poincare sphere technique as described, for 
example, in the S. Pancharatnam references mentioned 
above, or by use of the well known Jones matrix tech- 
nique . 

5 

The embodiment of Figure 3 may be produced in a broadly 
similar manner except that the layer 16 is formed as a 
uniform half wave plate. Figure 6& is a graph showing 
the transmission of the output light in use of the 

10 embodiment of Figure 3 as a function of the wavelength of 
the incident light. In order to produce this graph the 
linearly polarised incident light 14 was directed onto 
the device described with the reference to Figure 3, and 
an analyser was orientated at 45° to the xz plane and the 

15 transmission of light through the regions 4 measured. 

The broad band achromatic response was seen by rotating 
the analyser to -45°. A similar response can be obtained 
for transmission through the regions 3. 

20 Figure 7B diagrammatical ly shows a liquid crystal display 
(LCD) formed by a display panel 39 including a polariser 
40 and an analyser 42 disposed on opposite sides of a 
liquid crystal layer 41 with alignment layers 43, 44 and 
electrodes 45 , 46 being provided on opposite sides of the 
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liquid crystal layer 41 in known manner. The liquid 
crystal layer 41 includes pixels A and B at the crossing 
points of the electrodes 45, 46 which may be addressed by 
data and scan signals applied to the electrodes 45 , 46 in 
5 known manner. Furthermore a patterned uniform retarder 
47 and a non-patterned uniform retarder 48 are applied to 
the analyser 42. The patterned retarder 47 consists of 
a patterned half wave plate having regions 49 aligned 
with the pixels A and regions 50 aligned with the pixels 

10 B. The regions 49 and 50 have their optic axes arranged 
at +22 . 5 C and -22 . 5° to the output polarisation state of 
the LCD panel 39, and the non-patterned retarder 48 is 
constituted by a uniform half wave plate having its optic 
axis at 90" to the output polarisation state of the LCD 

15 panel 39. 

Such a LCD may be viewed by the two eyes 53 and 54 of a 
viewer through spectacles having polar isers 51 and 52 
with transmission axes arranged at -45° and +45° respec- 
20 tively to the output polarisation state of the LCD panel 
39 in order to observe a stereoscopic image made up of 
image components transmitted by the pixels A and B 
respectively. Alternatively one set of viewers may 
observe the LCD through polarisers with transmission axes 
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at -45", whilst another set of viewers observes the LCD 
through polarisers with transmission axes at +45 c . As a 
result the two sets of viewers receive different informa- 
tion from the LCD, allowing two channels of information, 
5 such as two television channels or a computer game and a 

television channel or two documents, to be concurrently 
viewed using a single LCD panel. 

Figure 8 diagrammatically shows a diffractive optical 
10 system 60 including two sets of interleaved electrodes 

61, 62 provided on a substrate 70 and disposed on the 
opposite side of a surface stabilised ferroelectric 
liquid crystal (SSFLC) layer 71 to an electrode 63 
provided on a substrate 73. The sets of electrodes 61 
15 and 62 are at different potentials to one another, for 
example at + V D and - V D , and to the electrode 63 which is 
at 0 volts, for example. The SSFLC layer 72 is arranged 
such that, under these conditions, the optic axes of the 
regions A and B adjacent to the electrode sets 61 and 62 
20 are respectively at +22.5 and - 22.5% to an arbitrary 

reference axis. Also provided on the substrate 70 are a 
quarter wave retarder 64 having its optic axis at 90 
degrees to the arbitrary axis and a mirror 65 . Under 
these conditions unpolarised light 66 incident on the 
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system 60 is diffracted by the regions A and B and the 
quarter wave retarder 64 into reflected non-zero orders. 
The diffraction has good a ch roraa t ici t y compared with the 
case in which a quarter wave retarder is provided which 
5 is orientated at 0 degrees to the arbitrary reference 
axis. If the electrode sets 61 and 62 are then both set 
to the same potential + V„ with respect to the electrode 
63 at 0 volts, the optic axes of the regions A and B of 
the SSFLC layer 72 become parallel, and no diffraction of 
10 the unpolar ised light 66 into reflected non-zero orders 
occurs. Thus, by switching of the electrodes 62, the 
patterning of the layer 72 can be turned on and off to 
provide an enhanced switchable achromatic dif fractive 
optical system. 

15 

INDUSTRIAL- APPLICABILITY 

As described above , the invention makes possible the 
advantage of providing an optical retardation device 
having improved achromaticity which enables generation 
20 of broad band orthogonal optical modes and which per- 
mits a broad bandwidth response to be obtained with 
improvement in the quality and/or ease of fabrication 
as compared with known broadband optical retardation 
devices. The broadband optical retardation devices may 
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be used for polarisation encoding of display informa- 
tion or in diffractive optical systems, for example. 
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CLAIMS 

1 . A broadband optical retardation device for receiving 
light consisting of a broad range of wavelengths, the 

5 device including patterned optical retardation means 
including a first region having a first optic axis at an 
orientation a between 0° and +90° to a reference plane and 
a second region having a second optic axis at an orienta- 
tion b between 0° and -90° to the reference plane, and 

10 non-patterned optical retardation means having an optic 
axis at a defined orientation c, greater than the orien- 
tation a and less than the orientation 180° + b, to the 
reference plane in order to increase the achromaticity of 
the light polarised by the combination of the patterned 

15 optical retardation means and the non-patterned optical 
retardation means as compared with light polarised by the 
patterned optical retardation means alone. 

2. A device according to claim 2, wherein the first and 
20 second regions of the patterned optical retardation means 

are such as to polarise input light linearly polarised 
along the reference plane such that, after passing 
through the non-patterned optical retardation means, the 
light which has passed through the first region is 
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orthogonal to the light which has passed through the 
second region, 

3. A device according to claim 1 or 2, wherein the 
5 orientations a and b of the first and second optic axes 

of the patterned optical retardation means are substan- 
tially equal and apposite relative to the reference 
plane, and the orientation c of the optic axis of the 
non-patterned optical retardation means is substantially 
10 perpendicular to the reference plane. 

4 . A device according to claim 1 , 2 or 3 , wherein of the 
orientations a and b of the first and second optic axes 
of the patterned optical retardation means are in the 

15 ranges of +10° to +75° and -10° to -75" respectively 
relative to the reference plane. 

5. A device according to claim 4, wherein the orienta- 
tions a and b of the first and second optic axes of the 

20 patterned optical retardation means are in the ranges of 
+ 10 c to -f-35 0 and -10 c to -35° respectively relative to the 
reference, plane. 

6. A device according to claim 3, wherein the orients- 
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rions a and b of the first and second optic axes of the 
patterned optical retardation means are about +22.5° and - 
22.5° respectively relative to the reference plane. 

5 7. A device according to any preceding claim, wherein the 
orientations a and b of the first and second optic axes 
of the patterned optical retardation means and the 
orientation c of the optic axis of the non-patterned 
optical retardation means substantially satisfy the 
10 relationships c - a + 45° and b = c - 45°. 

8. A device according to claim 7, wherein the orienta- 
tions a and b are about +22.5° and -22.5° respectively and 
the orientation c is about +67 . 5 C relative to the refer - 

15 ence plane. 

9. A device according to any preceding claim, wherein the 
patterned optical retardation means comprises patterned 
uniform layer having an optic axis which varies between 

20 the first and second regions along one or more directions 
x and y parallel to the layer, but which does not vary 
substantially through the thickness of the layer. 

10. A device according to any one of claims 1 to 8, 



WO 99/27398 



PCT/JP98/95302 



- 33 - 

wherein the patterned optical retardation means comprises 
patterned twisted retardation layer having an optic axis 
which varies between the first and second regions along 
one or more directions x and y parallel to the layer and 
5 also through the thickness of the layer. 

11. A device according to any preceding claim, wherein 
the non-patterned optical retardation means comprises a 
uniform retardation layer whose optic axis has an orien- 

10 tat ion which does not vary substantially through the 
thickness of the layer. 

12. A device according to any one of claims 1 to 10, 
wherein the non-patterned optical retardation means 

15 comprises a twisted retardation layer whose optic axis 
has an orientation which varies through the thickness of 
the layer. 

13. A device according to any preceding claim, wherein 
20 the patterned optical retardation means is a half wave 

plate. 

14. A device according to any preceding claim, wherein 
the non-patterned optical retardation means is a half 
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wave plate. 

15. A device according to any one of claims 1 to 12, 
wherein the non-patterned optical retardation means is a 

5 quarter wave plate. 

16. A device according to any preceding claim, wherein 
the patterned optical retardation means incorporates 
third regions having a third optic axis at an orientation 

10 between a and b. 

17. A device according to claim 16, wherein the orienta- 
tions a and b of the first and second optic axis of the 
patterned optical retardation means are about +22.5" and - 

15 22.5° to the reference plane, the orientation of the third 
optic axis is at about 0° to the reference plane, and the 
orientation c of the optic axis of the non-patterned 
optical retardation means is about 90° to the reference 
plane. 

20 

18. An optical retardation device comprising patterned 
optical retardation means comprising a first region 
having a first optic axis configuration and a second 
region having a second optic axis configuration, and non- 
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patterned optical retardation means having a further 
optic axis configuration, at least one of the optic axis 
configurations being a twisted optic axis configuration 
whose optic axis has an orientation which varies through 
5 the thickness of a layer, whereby the achromatic! ty of 
the light polarised by the combination of the patterned 
optical retardation means and the non-patterned optical 
retardation means is increased as compared with light 
polarised by the patterned optical retardation means 
10 alone. 

19. A device according to claim 18, wherein the first 
optic axis configuration has an average optic axis 
orientation a between 0° and +90° to a reference plane, the 

15 second optic axis configuration has an average optic axis 
orientation b between 0° and -90" to the reference plane, 
and the further optic axis configuration has an average 
optic axis orientation c, greater than the orientation a 
and less than the orientation 180° + b, to the reference 

20 plane. 



20. A device according to claim 18, wherein the first 
optic axis configuration has an output director orienta- 
tion a between 0° and +90° to a reference plane, the second 
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optic axis configuration has an output director orienta- 
tion b between 0 n and -90° to the reference plane, and the 
further optic axis configuration has an output director 
orientation c, greater than the orientation a and less 
5 than the orientation 180° + b f to the reference plane. 

21. A device according to claim 18, 19 or 20, wherein the 
first and second regions of the patterned optical retar- 
dation means are such as to polarise input light linearly 

10 polarised along a reference plane such that, after 
passing through the non-patterned optical retardation 
means, the light which has passed through the first 
region is orthogonal to the light which has passed 
through the second region. 

15 

22. A device according to any one of claims 18 to 21, 
wherein the further optic axis configuration is uniform 
having an optic axis orientation which does not vary 
substantially through the thickness of a layer. 

20 

23. A device according to any one of claims 18 to 21, 
wherein the first and second optic axis configurations 
are uniform having optic axis orientations which do not 
vary substantially through the thickness of a layer. 



WO 99/27398 



PCT/JP98/05302 



- 37 - 

24. A device according to any preceding claim, wherein 
the patterned optical retardation means comprises a 
suitable liquid crystal device. 

25. A device according to any pxeceding claim, wherein 
the non-patterned optical retardation means comprises a 
suitable liquid crystal device. 

26. An optical display system incorporating an optical 
retardation device according to any preceding claim. 

27. A dif f ractive optical system incorporating an optical 
retardation device according to any one of claims 1 to 
25. 
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